INTRODUCTION

Socioeconomic Indicators
The decision to take transit is influenced by a person's social situation and economic 3 standing. A number of variables have been used to capture socio-economic effect. Income is 4 often used as a variable to describe social exclusion, transport disadvantage and equity issues (4-5 7), and lower median income at a neighbourhood scale has been linked to higher transit use (2; 6 4; 8; 9). Higher transit use among those with lower incomes is often described as "captive 7
ridership", a situation where public transit is a person's only affordable travel option (10; 11). In 8 turn, captive ridership may lead to lower-income residents moving to areas that are more 9 accessible by transit. (12) (13) (14) . 10 Yet, social deprivation is not the result of income alone. To more accurately identify 11 deprivation at the neighborhood level, a socioeconomic approach is often used (15 15; 20) . In this paper we apply an index of social deprivation that 21 incorporates income, unemployment rate, immigrant share and housing affordability to identify 22 socially deprived zones at the census tract (CT) level (3; 21). Deprivation revealed using this 23 indicator is positively linked to transit mode share in Toronto, Canada (3). 24 25
The Built Environment and Accessibility 26 27
Socio-economic motivations for transit use are just one part of the picture. The built 28 environment, including density, the diversity of land uses, and the urban design of the area (the 29 three 'Ds'), have been shown to influence transit ridership, even when residential self-selection 30 is controlled for (22; 23). Residential proximity to transit stops and frequency of service have 31 been shown to associate with higher levels of transit ridership (3; 5; 24). In particular, short 32 distances to rapid transit stations, such as subway stops, have some positive effect on transit 33 ridership rates (25). In contrast, proximity to controlled access highways has been shown to have 34 a negative influence on transit mode share (3; 26). 35 Accessibility's relationship with transit mode share has also been studied. Accessibility 36 measures account for both the transit service people have as well as the opportunities that are 37 reachable using those services (27). Measuring transit accessibility can be as simple as 38 measuring the distance to the nearest stop to more complex measures (for a review see, 28). 39
However, accessibility measures often make two basic assumptions, which this study avoids. NOC subcategory shows that each major group has within it considerable variation in income 8 (31). Since income, and thus wage, has an influence on transit ridership, separating jobs based on 9 wage may be a more appropriate investigative method (32).
10
A second assumption is that accessibility to jobs remains constant over the day or that 11 accessibility during peak travel hours is indicative of a transport system's overall performance. 12 This is clearly not the case when regarding most transit services. Changing schedules and daily 13 network closures (planned or otherwise) affect accessibility in non-trivial ways (33) . It is easy to 14 imagine that employees who work non-regular or third-shift hours may find using transit 15 impossible or untenable because of a lack of service when they need it. 16 Recently, a few studies have developed accessibility measures that take into account 17 changing levels of transit service or changing levels of job availability. 8am, 9am to noon, and noon to 5am). The amount of trips on different modes, including transit, 28 is reported for those times. The second dataset offers the same information restricted to workers 29 employed in low-wage jobs. The difference between the data for all workers and low-wage 30 workers gives us the same information for higher-wage workers. Collapsing the hours between 31 9am to noon and noon to 5am is necessary because of Statistics Canada's data suppression rules. 32
A cell that contains less than five actual responses will be suppressed by Statistics Canada. Since 33 departures at these hours are relatively infrequent, a large amount of suppression is to be 34 expected, which would skew any analysis. By collapsing these hours together, data suppression 35 can be lessened. Also note that 40 CTs (out of an original 1330 in our study area) are excluded 36 because National Household Survey data is entirely suppressed for these locations, due to low 37 response rates (44). Transit mode share per CT at each time period is calculated as follows: The 38 total number of commuting departures (using transit) at the time period in question, in the wage 39 category in question, is divided by the total number of commuting departures (on any mode) at 40 the same time period in the same wage category. From this data we have 18 transit share 41 variables per census tract (3 wage categories by six time periods). 42
For all model groups (all jobs, low-wage earners, and the comparison group), one 43 regression is run for each time period, resulting in 18 models (six time periods for three job 44 models), using our 18 transit share variables. All models include the same independent 45 variables, described below. These models help demonstrate that variable coefficients related to 46 transit mode share fluctuate over the course of the day and by job category. A correlation matrix 1 between all continuous variables was produced to determine if there are any multicollinearity 2 problems. No relationship between variables significantly greater than p>0.6 was found. Also, 3 some continuous variables demonstrate potentially non-normal distributions, namely "transit 4 frequency", "network distance to highway on-ramp", and "Euclidian mean distance travelled to 5 low-wage jobs." For each of these variables, a natural log transformation was applied, and they 6 were tested. However, sensitivity analysis using transformed variables produced little effect on 7 regression results when compared to the results from models with untransformed variables. Accessibility is included to account for the varying levels of service each CT enjoys, to our three 3 wage categories. Accessibility to each wage type is calculated using a gravity-based measure 4 (48): 5 6 Where is the accessibility at point i to all jobs (in the category in question) at zone j using 7 public transit. Cij is the travel cost (measured in time) between census tract i and census tract j, 8 and β is a negative exponential cost function. This cost function is derived from reported work 9 trips in the 2011 National Household Survey linked to a transit travel time matrix. Travel time 10 from each CT centroid to every other CT centroid at each departure time period is calculated 11 using current GTFS data for all eight public transit agencies serving the GTHA. These 12 calculations provide a travel time matrix for each departure time period, including travel times 13 from each CT to every other CT. These transit times are estimated using the OpenTripPlanner 14 Analyst, provided by Conveyal (49), which uses GTFS data to determine which route is the 15 fastest option between two points at a certain departure time, and records the time it would take. 16
For the collapsed time periods (9am to noon and noon to 5am) an average travel time is 17 calculated. However, for the noon to 5am period, travel time at noon is used because of 18 misleadingly long transit times measured during the early morning hours (when most transit 19 systems are closed). 20
Job availability data during each time period is gathered from the Statistics Canada 21 dataset discussed above (43): the number of jobs available at each time period at a CT is the sum 22 of all trips departing during that time period, ending at the CT in question. The gravity approach 23 to accessibility discounts jobs based on how far they are from a trip origin. The underlying 24 assumption is that jobs farther away are less attractive than those closer. We calculate 25 accessibility at each time period to all jobs, to low-wage jobs, and to higher-wage jobs. In the 26 regression models, the accessibility measure included is the one pertinent to the job and time 27 period under question. For instance, in the 6am model for low-wage jobs, the measure included 28 is accessibility to low-wage jobs at 6am. 29
Summary statistics for our 18 accessibility measures (one measure for each time period 30 for each job category) are not included for brevity, and can be provided upon request. Since we 31 are interested in the direction of effect, not the magnitude, this omission is warranted. Also note 32 that the raw accessibility scores are divided by 10,000 to increase variable resolution. Also note 33 that upon initial testing, we chose to exclude the models for the 5am time period, for two 34 reasons: each model at this time period has an R 2 value less than 0.300. Also, these model's 35 findings may be circumspect because of a high level of data suppression in the 2011 National 36
Household Survey and misleading travel times generation, due to it being so early in the 37 morning. 38 39 FINDINGS 40 41
The data suggests that, as expected, transit mode share fluctuates over the day depending 42 on which job category is under inspection (see Figure 2 ). This indicates that daily fluctuations of 43 some set of factors are influencing transit ridership. Low-wage worker transit mode share has 44 different peaks when compared to higher-wage workers (Figure 2) . Figures 3 and 4 show transit 1 mode share fluctuations for these two groups spatially. Transit mode share for those working in 2 low-wage jobs grows throughout the day, peaking between noon and 5am. In contrast, transit 3 mode share for higher-wage workers peaks in the early morning (6am). Their share declines at 4 8am, only to rise again in the afternoon. It is surprising to find that transit mode share is highest 5 outside of usual commuting to work peak hours (7am-9am) for the low-wage group. This may 6
indicate that low-wage workers use transit service later than better-paid workers. It should also 7 be noted that those working in low-wage jobs always have a lower transit mode share than 8 higher-wage earners, at all time periods. This runs counter to findings that hold that those with 9 lower incomes are more likely to use transit than others (10; 11). This lower transit ridership rate 10 may indicate that commuting transit services are not adequately meeting low-wage worker 11 needs. 12
The regression findings indicate that the relationship variables have with transit mode 13 share fluctuates throughout the day, possibly explaining why fluctuations in transit mode share, 14 seen in Figure 2 , occur ( Three variables are significantly and positively related to transit mode share across all job 1 categories and time periods. If a CT is located in either the urban core or inner suburbs, transit 2 mode share increases compared to other parts of the region. Furthermore, having a higher social 3 indicator decile (meaning a CT is more socially deprived) is linked to higher rates of transit 4 ridership. This confirms previous findings linking social deprivation with transit ridership (2-5; 5 8; 17; 18). What follows is a discussion of each variable's relationship to transit mode share. 6 Highway proximity is not discussed because of its inconclusive effect. 7
Transit frequency is statistically significant and has a positive relationship with transit 8 mode share for low-wage workers in the early morning (6am and 7am). For higher-wage 9 workers, transit frequency is statistically significant and positive from 8am onwards. This may 10 indicate a number of things: low-wage workers who have an early morning departure time are 11 influenced to take transit if transit service is frequent at this time, perhaps because those low-12 wage workers with early start-times work in areas served by transit. For higher-wage workers, 13 departing early while using transit seems not to be a concern, thus transit frequency is only 14 significant after 8am. 15 We see a similar change when considering transit proximity. Being close to a subway 16 station is significant for total jobs up until noon. This confirms previous findings regarding rapid 17 transit proximity (3; 5; 25). However, by wage category, subway influence is much more 18 complicated. It is positively related to transit mode share for both low-wage workers and higher-19 wage workers at 8am. Yet, it is negatively related to transit mode share for low-wage workers 20 between noon and 5am. In other words, at 8am, proximity to the subway is an important factor 21 potentially influencing transit mode share. However, for low-wage workers with afternoon or 22 evening jobs, other factors, such as little transit service to their destinations at these times or for 23 their return journey (which is most likely in the early morning) may dissuade these workers from 24 using transit, even if they live close to a subway. 25
Proximity to a Go-Train station has little demonstrated relation to transit mode share, and 26
where it does, this relationship is negative (between 9am and noon for low-wage workers). This 27 may indicate a mismatch between where Go-Trains serve and where low-wage workers need to 28 travel to at this time. The majority of GO stations are located outside of the urban core of the 29 City of Toronto. Also, this regional service is geared towards ferrying commuters between 30 suburban locations and downtown Toronto. For low-wage workers, being close to a GO station 31 at this time may simply indicate that they live outside of the urban core, and this type of 32 residential location has a negative relationship with their transit use. 33 Furthermore, the effect of mean commuting distance switches with job category. Cervero 34
and Kockleman found that mean distance between home and work locations has a negative effect 35 on non-personal vehicle ridership, meaning it has a potential negative effect on transit mode 36 share (23). This finding is partially supported in our results. In our case, mean distance has a 37 negative effect on transit ridership for low-wage workers at all time periods except at 8am. 38
However, for higher-wage workers, an increase in mean distance is linked to greater transit 39 ridership up until 8am. Afterwards this variable is insignificant. These findings further 40 substantiate the claim that it may be difficult for low-wage workers to commute using transit at 41 certain times. For low-wage workers, an increase in distance between their home and job may 42 make a commuting trip by transit more inconvenient compared to other modes. For higher-wage 43 workers, an increase in distance may make a commuting trip by transit more convenient in the 44 morning compared to other modes, especially if it ends downtown. 45
The most unexpected finding from this study is that transit accessibility at any time 1 period has no statistically significant relationship with ridership for low-wage workers, a finding 2 which is somewhat contrary to common conceptions of the relationship between income, transit 3 use, and accessibility (12-14; 21; 37). Foth et al. (3; 21) showed that accessibility has the 4 smallest transit mode share effect for those working in manufacturing, construction, and 5 transport. However, income variation in this NOC category is quite broad, which means 6 conclusions made between income and accessibility are limited in their case (31). One possible 7 explanation for our results is that low-wage workers are captive riders. They will take transit 8 whether they have high accessibility or not. This possibility seems less likely considering that 9 other factors (proximity and frequency of transit, mean distance travelled) have an influence on 10 their transit mode share, indicating that they may have some choice when it comes to transit use. 11
In contrast, accessibility is positively associated with transit ridership for higher-wage 12 workers at every time period. By looking at the change in influence over time we see a pattern 13
emerge. behavior will allow researchers and transit agencies to more adeptly predict demand and need in 29 transit service. Two important findings from this study are (1) that low-wage workers always 30 have a lower transit share than higher-wage workers and (2) that accessibility has no effect on 31 transit mode share for low-wage workers, at any time period. 32
The GTHA is a vast region, containing a large share of Canada's entire population. If 33 transit mode share is to grow in this region then adequate transit availability during non-peak 34 hours may be the key. It is also important to realize that low-wage workers may be having a 35 difficult time using transit to reach their jobs at certain times. Noticing that low-wage workers 36 demonstrate a number of key differences from their higher-wage counterparts substantiates this 37 finding: In addition to accessibility's lack of effect, being close to a subway station has a 38 negative effect during non-peak hours; potentially indicating that although transit service may be 39 close to their homes, the destinations they can reach using transit at these times may not be 40 satisfactory. Finally, low-wage workers are less likely to take transit because of lengthy distances 41 between their home and work, indicating that as distance increases the ease of covering that 42 distance using transit may decrease. In contrast, for higher-wage workers, an increase in distance 43 is positively related to transit ridership in the morning (from 6am to 8am), demonstrating that an 44 increase in distance may, in some instances, mean an increase in the ease of using transit for that 45 trip. This may also indicate that higher-wage workers are much more likely to travel to the 46 downtown area, which is easily accessible by transit, versus low-wage earners, whose 1 employment locations are perhaps more evenly dispersed throughout the region. Future research 2 into the spatial locations of different wage groups' homes and employment could help elucidate 3 this point, the lack of which is a limitation of this study. Also, the influence of transit fare on 4 low-wage ridership can have a crucial effect. 5 Metrolinx is tasked with coordinating and planning transportation investment and service 6 in the GTHA. The agency's most recent transportation plan, the Big Move, predicts that transit 7 ridership will double over the next two decades in this area. Understanding the non-peak travel 8 needs of different working groups will be important to both local and regional transit service 9
providers. Scheduling during non-peak hours and providing transit service to destinations not 10 frequently served (e.g. outside the urban core) may have more or less of an influence on ridership 11 depending on variables studied in this paper, a topic worthy of more investigation. The ability to 12 provide convenient transport to a diverse set of areas at a variety of times will be the challenge 13 faced by Metrolinx and its regional partners in the future. The Big Move recognizes this 14 challenge, noting that transit trips crossing intra-regional boundaries are inconvenient, 15 frustrating, and unattractive, not to mention costly (50). Research into the most cost effective and 16 beneficial approach to this challenge is needed. The most important finding of this study, 17 however, is that people's need to travel to work throughout the day, not just between 6am and 18 9am, is important. These needs also fluctuate depending on one's wage. These finding should be 19 taken seriously when assessing which level of transit service is adequate, and to whom. 
